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We compute the nominal magnetic penetration depth of RNiO2 (R = La, Nd) from first principles
calculations and discuss the results in relation to the superconducting Tc. We find a marked dis-
crepancy with the well established phenomenology that correlates these two quantities in cuprates
(Uemura plot). We also consider the 2D ultrathin limit and estimate the maximum attainable Tc
to be ∼ 180 K according to the Nelson-Kosterliz universal relation between the superfluid density
and the transition temperature.
The recent discovery of superconductivity in Sr-doped
NdNiO2/SrTiO3 thin films [1] has attracted an instan-
taneous research attention (see e.g. [2–10]). After many
attempts, this can potentially be the first successful ex-
tension of high-Tc cuprate superconductivity to isostruc-
tural/isoelectronic nickelates. This long sought extension
is expected to shed light on their microscopic supercon-
ducting mechanism, even if it poses some important chal-
lenges to the current paradigm. In particular, the parent
nickelates are metals without magnetic order as opposed
to their cuprate counterparts that are antiferromagnetic
charge-transfer-insulators. Consequently, Cooper pairing
in (Nd,Sr)NiO2 seems to result from a rather different
normal non-superconducting state.
First-principles calculations based on density-
functional-theory (DFT) consistently find that, among
the five Ni 3d bands, only the 3dx2−y2 one intersects
the Fermi level [2–6, 11]. This establishes a promising
analogy to CaCuO2, i.e. the parent compound of high-Tc
cuprates. In fact, the electron-phonon coupling has
been ruled out as the exclusive origin of the observed
superconductivity in (Nd,Sr)NiO2 [5]. At the same
time, electrons in the Nd layer make additional electron
pockets in the Fermi surface that likely prevent the
system from being a Mott insulator, with Kondo physics
potentially playing a role [6, 10]. Besides, the charge
transfer gap between the Ni 3d states and O 2p states
is larger than that in cuprates [7]. On the other hand,
spin fluctuations may still be important for supercon-
ductivity, even if there is no long-range magnetic order.
In that case, the dominant pairing has been proposed to
yield a d-wave superconducting gap [3, 4] with a distinct
spin resonance feature that can be tested experimentally
[8]. Here, we compute the nominal magnetic penetration
depth of the superconducting nickelates as a function
of hole doping and discuss these theoretical results in
relation to the observed Tc.
The magnetic penetration depth λ is a fundamental
quantity of superconductors as it is pivotal to explain
the Meissner effect [12]. This quantity can be deter-
mined experimentally by means of different complemen-
tary techniques such as the tunnel diode oscillator tech-
nique [13, 14] and muon-spin resonance (µSR) [15–18].
The temperature dependence of λ maps the amount of
excited quasiparticles and thereby the structure of the su-
perconducting gap. However, in the London approxima-
tion, the zero-temperature magnetic penetration depth
in the clean limit reduces to λL(0) =
√
m∗
µ0nse∗2
, where
m∗ is the effective mass of charge carriers, µ0 is the vac-
uum permeability, ns is the charge carrier density, and e
∗
is an effective electron charge. Thus, it basically becomes
a band-structure property formally unrelated to the gap
function. In fact, following Eilenberger’s formulation of
superconductivity [19, 20], a band-structure-specific re-
sult can be obtained as
(λ2)−1ij (0) =
µ0e
2
4pi3~
∮
FS
dS
vFivFj
vF
, (1)
where the integral is over the Fermi surface with vF being
the Fermi velocity (which is a measure of the DOS).
We computed Eq. (1) from DFT calculations that con-
veniently reproduce the reported band structure of the
La and Nd nickelates. Specifically, we used the FLAPW
method as implemented in the WIEN2k package [21]
with the LDA exchange-correlation functional [22]. In
order to avoid the ambiguous treatment of the f -orbital
bands, we followed [2, 4] and focused on the mother com-
pound LaNiO2. Further, we modeled Sr doping as a rigid
shift of the Fermi level as in [3]. We also considered
NdNiO2 with the Nd-4f -states in the core as well as the
influence of epitaxial strain, with which we obtained al-
most identical results. We performed spinless calcula-
tions with muffin-tin radii of 2.5 a.u., 2.1 a.u., and 1.62
a.u. for the La (Nd), Ni, and O atoms respectively and a
plane-wave cutoff RmtKmax = 7.0. The integration over
the Brillouin zone was performed using a 11×11×14 k-
mesh for the self-consistent calculations, while a dense
48×48×48 k-mesh was used to compute and study the
Fermi surface. In our calculations the Fermi velocity is
directly obtained from the expectation value of the mo-
mentum operator p (vF = pF /m), and the dense k-mesh
was used to further perform the Fermi-surface integral.
The reference band structure obtained in this way is il-
lustrated in Fig. 1.
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FIG. 1. First-principles band structure (left, “fatband” plot), orbital resolved density of states (middle) and top view of Fermi
surface (right) of LaNiO2.
The resulting values for the nominal λ(0) are collected
in Table I. They confirm that (Nd,Sr)NiO2 is a type-II
superconductor (i.e. κ ≡ λ/ξ > 1/√2, with ξ = 3.25 nm
being the Ginzburg-Landau coherence length [1]). In
the case of the overall in-plane component λx(0), the
main contribution originates from the main hole pocket
α and does not vary dramatically with doping. The out-
of-plane component λz(0), in contrast, is initially domi-
doping FS λx(0) [nm] λz(0) [nm] λeff(0) [nm]
LaNiO2 0 α 47 245 61
β 140 120 133
β′ 365 300 340
total 44 101 54
0.1 α 49 170 62
β 165 140 156
total 47 108 57
0.2 α 50 215 64
β 205 175 194
total 48 136 60
0.3 α 51 160 64
β 275 240 262
total 50 133 62
0.4 α 54 163 68
β 450 580 486
total 54 156 67
NdNiO2 0.2 α 49 180 62
β 190 160 179
β′ 290 220 262
total 47 105 57
TABLE I. Zero-temperature magnetic penetration length ob-
tained from DFT calculations in the London approximation
for different values of Sr (hole) doping (modeled as a rigid
shift of the Fermi level). The effective lambda is defined
as λeff = 3
1/4[1 + 2(λx/λz)
2]−1/4λx, as probed by µSR in
policrystalline samples [23]. The values for NdNiO2 are ob-
tained assuming the Nd-4f -states in the core.
nated by the electron pocket β and therefore undergoes a
more substantial change as β shrinks with doping. Note
that, despite the apparent 2D character of α [11], the
anisotropy of this contribution is moderate compared to
that in cuprates and displays a non-monotonous behavior
with doping. Beyond that, the effective λeff probed by
µSR turns out to be essentially that of the hole pocket
α (with β having the effect of reducing the anisotropy
resulting from α only).
These results are summarized in Fig. 2 in a Uemura
plot. As we can see, the calculated λeff ’s are totally off
the expected values for a cuprate with Tc ≈ 15 K (shaded
region). We note that a presumably related discrepancy
has been pointed out for the Hall resistance of the par-
ent compound [2]. The modification of the effective mass
can to some extent improve the agreement in the Ue-
mura plot. However, the mass has to be > 10 times
larger to do the job. We note also that cuprate trend
is regained if only the electron pocket β is considered at
20% Sr doping, although one would tend to think that
this is rather fortuitous coincidence. Thus, reconciling
these results with the well established phenomenology of
cuprates seems to require a rather significant modifica-
tion of the corresponding band structure (this, or the
system is to be understood as a failed room-temperature
superconductor according to its λ).
Alternatively, superconductivity in (Nd,Sr)NiO2 thin
films can be a 2D phenomenon and hence a different ra-
tionale must be applied. This will be naturally the case
in the ultrathin limit, and will also be relevant if super-
conductivity is driven by the interface with the substrate.
The magnetic penetration depth, being a measure of the
superfluid density, is also related to the superfluid stiff-
ness Ds. This relation can be exploited to set bounds on
the superconducting transition temperature since fluctu-
ations of the phase of the superconducting order param-
eter will be the ultimate limiting factor in 2D [24]. Such
a bound directly reads from Nelson-Kosterlitz universal
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FIG. 2. Uemura log-log plot for the zero-temperature effective
magnetic penetration depth of (Nd,Sr)NiO2 computed from
Eq. (1). The solid circle corresponds to 20% Sr doping and
Tc = 15 K, while the open circles are associated to the 10%,
30% and 40% dopings in Table I assuming the same Tc.
jump of the superfluid density [25]:
kBTc ≤ piDs/2. (2)
The 2D superfluid stifness can be estimated from our
previous calculations as Ds ≈ ~24µ0e2 d2piλ−2x , where d is
the interlayer spacing (i.e. the c lattice parameter). This
gives a maxium Tc of about 145 K. By restricting the
integral (1) to the kFz = 0 line of the 3D Fermi surface
this value increases to 180 K. While formally rigorous,
this estimate has to be understood as a rather conserva-
tive upper bound since the superfluid density at T = 0,
and hence the corresponding stiffness, can reasonably be
assumed to overestimate that at Tc.
In summary, we have computed the zero-temperature
magnetic penetration depth λ(0) of the newly super-
conducting nickelate NdNiO2 relying on first-principles
DFT calculations to fully take into account its band-
structure specific features. λ(0) is a fundamental de-
scriptor of superconductivity displaying a phenomeno-
logical correlation to Tc in cuprates and in other uncon-
ventional superconductors. Our calculations confirm the
system as a type-II superconductor. The in-plane com-
ponent of λ(0) is found to be dominated by the hole
Fermi-surface pocket and no substantial change is ob-
tained with doping. However, the extra electron pocket
has a non-negligible impact on the eventual anisotropy.
Remarkably, the nominal λ(0) and the reported Tc do
not follow the same correlation observed in the cuprates.
If the same correlation were to apply, NdNiO2 would be
a room-temperature superconductor. This suggests that
either the reported band structure needs to be revisited
or the superconducting nature of nickelates is different.
In the 2D case relevant for the ultrathin limit, the max-
imum attainable Tc is estimated to be ∼ 180 K from the
Nelson-Kosterlitz universal jump of the superfluid den-
sity.
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